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[57] ABSTRACT

A differential current amplifier circuit having first and
second transistors (Q1, Q2) whose collectors are sup-
plied with first and second input signals (INA, INB),
respectively, and first and second resistors (R1, R2)
connected between the base and the collector of each of
the transistors. When the resistors have the same resis-
tance and the signals (INA, INB) are inputted to the
input terminals, the potential of the common base node
of the first and second transistors goes to a substantially
ground potential, and the signal current component (1)
does not flow through the first and second transistors.
Thus, only DC currents (21, 2nl) which are not super-
posed by the signal current component (i) flow through
third and fourth transistors connected in a current mir-
ror fashion, and an additional DC current source 1s not
needed at this portion. Furthermore, the fourth transis-
tor (Q4) is used as a constant current source of a differ-
ential pair constituted by fifth and sixth transistors (Q5,
Q6). and an amplified signal component (2/2) 1s obtained
from the output terminal (OUT) of the differential pair.
Thus. a large current gain 1s obtained.

2 Claims, 3 Drawing Sheets
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1
DIFFERENTIAL CURRENT AMPLIFIER CIRCUIT

TECHNICAL FIELD

The present invention relates to a differential current
amplifier circuit formed in a semiconductor integrated
circuit.

BACKGROUND ART

A conventional differential current amplifier circuit,
which is designed to amplify a differential input current,
has the structure illustrated in FIG. 1. More specifi-
cally, the circuit comprises a first signal input terminal
IN1 and NPN transistors Q1 and Q2. The terminal IN1
is connected to receive an input signal current (I+1)
consisting of a DC component I and a signal component
(+1) superposed on the DC component. The collector-
base path of the NPN transistor Q1 is connected to the
first signal input terminal IN1 and the emitter of the
NPN transistor Q1 is connected to the ground potential
GND. The NPN transistor Q2 has an emitter area n
times greater than that of the transistor Q1 and 1s con-
nected to transistor Q2 in currentmirror fashion. The
collector of the NPN transistor Q2 is connected to a
first terminal QUT1. The transistors Q1 and Q2 form a
first current mirror circuit. A second signal input termi-
nal IN2 is connected to receive an input signal current
(1—1) consisting of a DC component I and a signal
component { —i) which is differential to the signal com-
ponent (+i) and superposed on the DC component .
The amplifier circuit further comprises NPN transistors
Q3 and Q4. The collector-base path of the NPN {ransis-
tor Q3 is connected to the second signal input terminal
IN2, and the emitier of the NPN transistor Q3 is con-
nected to the ground potential GND. The transistor Q4
has an emitter area n times greater than that of the
transistor Q3. and is connected to the transistor Q3 1n
current-mirror fashion. The collector of the transistor
Q4 is connected to a second output terminal OUT2. The
transistors Q3 and Q4 form a second current mirror
circuit.

In the differential current amplifier circuit of FIG. 1,
the collector current of the transistor Q2 (i.e., the cur-
rent output from the first output terminal OUT1 1s
n(l1+1), whereas the collector current of the transistor
Q4 (i.e., the current output from the second output
terminal QUT2) is n(I —1).

Therefore, the current gain Gi 1s:

Gi=n (1)
The current gain Gi is no more than the current-mirror
ratio n. i.e., the ratio of the emitter area of the transistor
Q2 to that of the transistor Q1 or the ratio of the emitter
area of the transistor Q4 to that of the transistor Q3.
FIG. 2 shows a modification of the differential cur-
rent amplifier circuit of FIG. 1. This amplifier circuit 1s
different from the circuit of FIG. 1 in that it has an
input-signal current source and transistors Q35 and Q6.
The current source supplies a differential input-signal
current consisting of a DC component I and a signal
component (either +i or —i) superposed on the DC
component 1. Since the circuit is identical to the ¢ircuit
of FIG. 1 in all other respects, the same symbols and
numerals are used to designate the same components as
those illustrated in FIG. 1. The input-signal current
source comprises PNP transistors Q01 and Q02 and a
constant current source.60. The NPN transistors Q01
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and Q02 have their emitters connected together and,
thus, constitute a differential pair. The constant current
source 60 is connected between the emitter node of the
transistors Q01 and Q02 and a Vcc-current potential,
and supplies a constant current 21. The collectors of the
transistors Q01 and Q02 are connected to the collectors
of the transistors Q1 and Q3, respectively. Hence, when
input voltages INA and INB, either containing a differ-
ential signal component, are applied to the bases of the
transistors Q01 and QO02, signal currents (I +1) and
(I—1) flow to the transistors Q1 and Q3, respectively.
The PNP transistors Q5 and Q6 are connected together
in mirror-current fashion. Their emitters are coupled to
the Vcc potential, their bases are connected to each
other, and their collectors are connected to the collec-
tors of the transistors Q2 and Q4. The base and collector
of the transistor Q6 are connected together. The collec-
tor of the transistor Q5 is coupled to an output terminal
OUT. A load resistor RL is connected between the
output terminal QUT and the ground GND.

In the differential current amplifier circuit of FI1G. 2,
the output current (I—i) of the transistor Q4 1s sub-
tracted from the output current (I+1) of the transistor
Q2 by means of the third current mirror circuit, thereby
extracting a signal component. Hence, the current 1oy
by the amplifier circuit is 2ni. In other words, the cur-
rent gain Gi of the circuit 1s:

Gi=2n (2).
Obviously. this current gain.is twice the current gain Q1
of the differential current amplifier circuit illustrated 1n
FIG. 1.

In the differential current amplifier circuit of FI1G. 2,
however, it is necessary to used more and more current-
mirror stages in order to increase the current gain Gi.
The circuit needs to have more elements, and inevitably
consume more power. If the current-mirror ratio (1.e.,
the emitter-area ratio) is increased, each transistor must
be larger, and the integrated circuit chip must be pro-
portionally larger. Consequently, the cost of the inte-
grated circuit will increase, and the power consumption
of the ctircuit will increase, t00.

As has been described, the conventional differential
current amplifier circuit needs more elements or must
comprise large-sized transistors, in order to have a
greater current gain. The conventional circuit inevita-
bly consumes much power, and must be made of a large,
high-cost integrated-circuit chip.

The present invention has been made to solve the
problems described above. Its object is to provide a
differential current amplifier circuit which is relatively
simple in structure, needs no additional DC current
source, and can notwithstanding obtain a great current
gain, requires a relatively small number of elements,
consumes but a little power, and can hence be made of
a low cost integrated circuit.

DISCLOSURE OF THE INVENTION

A differential current amplifier circuit according to
the present invention has first to sixth bipolar transistors
of the same polarity, and first and second resistors. The
first and second bipolar transistors have their emitters
connected to each other. The first and second resistors
are coupled between the collector-base path of the first
bipolar transistor and that of the second bipolar transis-
tor. The base and collector of the third bipolar transis-
tor are connected together, and the collector-emitter
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path thereof is connected between the emitter node of
the first and second bipolar transistors and a predeter-
mined potential terminal. The base and emitter of the
fourth bipolar transistor are connected to the base and
emitter of the third bipolar transistor, respectively. The
fifth and sixth bipolar transistors have their emitters
connected to each other, the node of which is coupled
to the collector of the fourth bipolar transistor. The
bases of the fifth and sixth bipolar transistors are con-
nected to the collectors of the second and first bipolar
transistors, respectively. The collectors of the fifth and
sixth bipolar transistors are coupled to the a second
output terminal and a first output terminal, respectively.
The first and second bipolar transistors have their bases
connected together, and their collectors connected to a
first signal input terminal and a second signal input
terminal, respectively. Alternatively, the first and sec-
ond bipolar transistors have their collectors connected
together, and their bases connected to the first and
second signal input terminals, respectively.

Assuming that the first and second resistors have the
same resistance R, the base node of or collector node of
the first and second transistors can be regarded as
ground potential point in the case where an input signal
current (I+1) obtained byv superposing a signal compo-
nent on the DC component is input to the first signal
input terminal. and an input signal current (I—1) ob-
tained by superposing a signal component (—1), which
1s differential to the signal component (+1), on the DC
component is input to the second signal input terminal.
The signal component 1 flows to the first and second
resistors, and flows to neither the first transistor nor the
second transistor. In other words, the DC current 21,
superposed with no signal currents and hence clean,
flows to the third transistor. Hence, a DC current 2n.l
(where n 1s the current-mirror ratio, or the emitterarea
ratio) flows to the fourth transistor coupled to the third
transistor in current-mirror fashion. Since a DC current
n.l flows to the fifth and sixth transistors, the AC emait-
ter resistance re of these transistors 1s:

re=VT/(n-1) (VT 1s thermal voiliage).

'The signal current component 12 flowing to the fifth and
SiXth transistors is:

17 =R-i/re.

Therefore, the current gain Gi 1s:

Gi=13=n-1.R/VT.

As has been described, a DC current. which 1s super-
posed with no signal currents and 1s hence clean, flows
- to the third and fourth transistors. Therefore, the circuit
requires no DC current source for these transistors. The
circuit is relatively simpie in structure, requiring a small
number of elements, consumes but a little power, and
can be made of a low-cost integrated circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a circuit diagram showing a conventional
differential current amplifier circuit.

FI1G. 2 1s a circuit diagram showing another conven-
tional differential current amplifier circuit.

FIG. 3 1s a circuit diagram illustrating a differential
amplifier circuit according to an embodiment of the
present invention.
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FI1G. 4 1s a circult diagram showing a modification of
the differential current amplifier circuit shown in FIG.
3.

FIG. § 1s a circuit diagram showing a differential
current amplifier circuit according to another embodi-
ment of the mvention.

FI1G. 6 1s a circuit diagram illustrating a modification
of the differential current amplifier circuit shown in

FIG. 5.

BEST MODES OF CARRYING OUT THE
INVENTION B

An embodiment of the present invention will now be
described, with reference to the accompanying draw-
ings.

FIG. 3 illustrates a differential current amplifier cir-
cuit according to a first embodiment of the present
invention, which is formed in a semiconductor inte-
grated circuit. As is shown in FIG. 3, the amplifier
circuit comprises first and second NPN transistors Q1
and Q2, the emitters of which are connected to each
other and the bases of which are connected to each
other. A resistor R1 1s connected between the collector
of the transistor Q1 and the base node of the transistors
Q1 and Q2. A resistor R2 i1s connected between the
collector of the transistor Q2 and the base node of the
transistors Q1 and Q2. The collectors of the transistors
Q1 and Q2 are coupled to a first signal input terminal
IN1 and a second signal input terminal IN2, respec-
tively.

A third NPN transistor Q3 has its collector-emitter
path connected between the emitter node of the transis-
tors Q1 and Q2 and the low potential (1.e., the ground
GND in this embodiment), and has i1ts collector and
base connected to each other (that 1s, diode-connected).
A fourth NPN transistor Q4 has an emitter area which
is n times greater than that of the transistor Q3, and is
connected to the transistor Q3 in current-mirror fashion
(that is, 1ts base and emitter are connected to the base
and emitter of the transistor Q3, respectively).

A fifth NPN transistors Q5 and a sixth NPN transis-
tor Q6 have their emitters connected to each other, thus
forming a differential pair. The emitter node of these
transistor Q5 and Q6 1s connected to the collector of the
transistor Q4. Their bases are connected to the collec-
tors of the transistors Q1 and Q2, respectively, The
collector of the transistor Q6 1s connected to a first
output terminal OUT1, and the collector of the transis-
tor Q5 is coupled to the second output terminal OUT?2.

Let us assume that in the differential current amplifier
circuit shown in FIG. 3, the transistors Q1 and Q2 have
substantially identical characteristics, and that the resis-
tors R1 and R2 have the same resistance. Then, the base
node of the transistors Q1 and Q2 1s regarded as a
ground potential point when the first signal input termi-
nal IN1 receives an input signal current (I +1) consisting
of a DC component 1 and a signal component (+41)
superposed on the DC component I, and the second
input signal terminal IN2 receives an input signal cur-
rent (I—1) consisting of a DC component I and a signal
component (—1) superposed on the DC component 1
and differential to the signal component (+1). In this
case, the signal current component 11(=1) flows to the
resistors R1 and R2, and flows to neither the transistor
QQ nor the transistor Q2. In other words, a DC current
21, which 1s superposed with signal currents and is
therefore clean. flows to the transistor Q3. Hence. a DC
current 2n-1 flows to the transistor Q4 connected to the
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transistor Q3 in current-mirror fashion at the ratio of
1:n.

A DC current of n:I flows to the transistors Q5 and
Q6. Hence, the AC emitter resistances re (i.e., res and
reg) of the transistors Q3 and Q6 are:

re=res=reg=V [/n-l

where VT is a thermal voltage which is 26 mV at 300°
K

A signal current compénent i, flows to the transistors
Q5 and Q6. Therefore: |

11-R =re-1.
Hence:
12=R.1;/re.
Therefore, the current gain Gi is:
{3).

Gi=1/1j=n-L.R/NT

Gi in equation (3) is I.R/VT times greater than the
current gain Gi of the differential current amplifier

circuit illustrated in FIG. 1, which 1s defined by equa- -

tion (1).
Assuming that n=1, I=100 pA, R=10k(}, then:

Gi=38.5(=31.7 dB}).

In this case., Gi is about 38.5 times greater than the
current gain Gi of the differential current amplifier
circuit shown in FIG. 1.

FI1G. 4 shows a modification of the differential cur-
rent amplifier circuit illustrated in FIG. 3. This ampli-
fier circuit is different from the circuit of FIG. 3 1n two
respects. First. it has an input-signal current source.
Second, it has transistors Q7 and Q8. The circuit 1s
identical to the circuit of FIG. 3 1n all other respects,
and the same symbols and numerals are therefore used
to designate the same components as those illustrated in
F1G. 3. The current source supplies a differential input-
signal current consisting of a DC component | and a
signal component {either +i or —1) superposed on the
DC component 1. The input-signal current source com-
prises PNP transistors Q01 and Q02 and a constant
current source 20. The NPN transistors Q01 and Q02
have their emitters connected together and. thus, con-
stitute a differential pair. The constant current source 20
is connected between the emitter node of the transistors
Q01 and Q02 and a high power-supply potential (i.e.,
the Vcc-power potential in this embodiment), and
supplies a constant current 21. The collectors of the
transistors Q01 and Q02 are connected to the collectors
of the transistors Q1 and Q2, respectively. Hence, when
input voltages INA and INB, either containing a differ-
ential signal component, are applied to the bases of the
transistors Q01 and Q02, signal currents (I+1) and (1 —1)
flow to the transistors Q1 and Q2, respectively. The
PNP transistors Q7 and Q8 are connected together 1n
mirror-current fashion. Their emitters are coupled to
the Vcc potential, their bases are connected to. each
other, and their collectors are connected to the collec-
tors of the transistors Q5 and Q6. The base and collector
of the transistor Q7 are connected together. The collec-
tor of the transistor Q8 is coupled to an output terminal
OUT. A load resistor RL is connected between the
output terminal OUT and the ground GND. |
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The differential current amplifier circuit of FIG. 4
operates, basically in the same way as the circuit of
FIG. 3. However, the current n(1 —13) of the transistor
Q5 is subtracted from the current n(I+13) of the transis-
tor Q6 by means of the transistors Q7 and Q8. thereby
extracting a signal component. The current i,,; Output
by the amplifier circuit 1s 21p. Therefore, the current

gain Gi of the circuit 1s:

Gi = (4)

= 2n-§-R/VT

f.ﬂu I/ f

Gi in equation (4) is I-R/VT times greater than the
current gain Gi of the differential current amphfier
circuit illustrated in FIG. 2, which is defined by equa-
tion (2). | -

Assuming that n=1, I=100 pA, R=10k(}, G1 of the
conventional circuit of FIG. 2, which is defined by
equation (2), 1s:

Gi1=2 (6 dB).

By contrast, Gi of the present embodiment (FIG. 4)
15!

Gi = 2% 100 pA x 10k2/26 mV

76.9(=37.7 dB)

In this case, Gi is about 38.5 times greater than the
current gain Gi of the differential current ampliier
circuit shown in FIG. 2 |

If the current-mirror ratio n is set at 38.5 in order to
obtain a greater current gain Gi in the differential cur-
rent amplifier circuit of FIG. 2, the circuit will require
transistors of greater size, and will inevitably made of an
integrated circuit chip which has a greater size and,
hence, a higher cost, and consumes more power.

FIG. 5 illustrates a differential current amphtier cir-
cuit according 1o a second embodiment of the present
invention. This amplifier circuit 1s different from the
circuit of FIG. 3 in three respects only. First, the emit-
ters of the first and second NPN transistors Q1 and Q2
are connected to each other, the collectors thereof are
coupled to each other, and the bases thereof are con-
nected to the first and second signal input terminals IN1
and IN2, respectively. Second, the first resistor R1 1s
coupled between the base of the first NPN transis tor
Q1 and the collector node of the NPN transistors QI
and Q2. Third, the second resistor R2 1s connected
between the base of the second NPN transistor Q2 and
the collector node of the NPN transistors Q1 and Q2. In
any other respect, the circuit of FIG. § is 1dentical to
that one shown in FIG. 3, and the same symbols and
numerals are therefore used to designate the same com-
ponents as those illustrated in FI1G. 3.

The differential current amplifier circuit of FIG. §
operates, basically in the same way as the circuit of
FIG. 3. Therefore, its current gain Gi is:

Gi=12/1;=n-1-R/NVT (3).
Obviously. equation (§) is exactly the same as equation
(3). It follows that the current gamn Gi of the amplifier
circuit of FIG. 5 is egual to that of the amplifier circun

illustrated in FIG. 3.



5,132,640

7

FIG. 6 illustrates a modification of the differential
current amplifier circuit shown in FIG. 5. This circuit 1s
identical to the circuit of FIG. 5, except for two re-
spects. First, it has an input-signal current source. Sec-
ond, it has NPN transistors Q7 and Q8. The circuit 1s
identical to the circuit of FIG. 5 1n all other respects,
and the same symbols and numerals are therefore used
to designate the same components as those iliustrated in
FI1G. 5. The current source supplies a differential input-
signal current consisting of a DC component I and a
signal component (either +1 or —1) superposed on the
DC component L

The input-signal current source comprises PNP tran-
sistors Q01 and Q02 and a constant current source 40.

The NPN transistors Q7 and Q8 are arranged in the
same way as in the circuit shown in FIG. 4. The collec-

tor of the transistor Q8 is connected to an output termi-
nal OUT. A load resistor RL is connected between the
output terminal OUT and the ground GND.

The differential current amplifier circuit of FIG. 6
operates in the same way as the circuit of FIG. 4. The
current n(I—1i3) of the transistor Q5 is subtracted from
the current n(I+1») of the transistor Q6 by means of the
transistors Q7 and Q8. thereby extracting a signal com-
ponent. The current i,,,output by the amplifier circuit is
21>. Therefore, the current gain Gi of the circuit is:

Gi (4)

f'ﬂu;/f.

2n - I-

RVT

Obviously, equation (6) is exactly the same as equation
(4). Hence, the current gain Gi of the amplifier circuit of
FIG. 6 is equal to that of the amplifier circuit illustrated
in FIG. 4.

In the embodiments and the modifications thereof, all
described above, the Vcc power-supply potential can be
replaced by the ground potential. and the ground poten-
tial can be replaced by a negative power potential. Fur-
ther, the high power-supply potential and the low pow-
er-supply potential can be replaced by each other, and
the PNP transistors can be replaced by the NPN transis-
tors, and vice versa.

As has been described above, the differential current
amplifier circuit according to the present invention 1s
relatively simple in structure, requires no additional DC
current source, and can notwithstanding obtain a great
current gain, requires a relatively small number of ele-
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ments, consumes but a little power, and can hence be
made of a low-cost integrated circuit.

INDUSTRIAL APPLICABILITY

The differential current amplifier circuit according to
the invention is useful in the case where an amplifier
circuit is required which comprises a reactively small
number of elements. consumes but a little power, and
can notwithstanding can obtain a great current gain.

We claim:

1. A differential current amplifier circuit comprising
first to sixth bipolar transistors of the same polarity, first
and second resistors, characterized in that:

said first and second bipolar transistors have thew

emitters connected to each other;

said first and second resistors are coupled between

the collector-base path of'said first bipolar transis-
tor and that of said second bipolar transistor

the base and collector of said third bipolar transistor

are connected together, and the collector-emitter
path thereof is connected between the emitter node
of the first and second bipolar transistors and a
predetermined potential terminal:;

the base and emitter of said fourth bipolar transistor

are connected to the base and emitter of said third
bipolar transistor, respectively:
said fifth and sixth bipolar transistors have their emit-
ters connected to each other, the node of which 1s
coupled to the collector of the fourth bipolar tran-
SIStOT;

the bases of said fifth and sixth bipolar transistors are
connected to the the collectors of said second and
first bipolar transistors, respectively;

the collectors of said fifth and sixth bipolar transistors

are coupled to the a second output terminal and a
first output terminal, respectively; and

said first and second bipolar transistors have their

bases connected together, and their collectors con-
nected to a first signal input terminal and a second
signal input terminal. respectively, or have their
collectors connected together, and their bases con-
nected to the first and second signal input termi-
nals, respectively.

2. The differential current amplifier circuit according
to claim 1, characterized in that said first to sixth bipolar
transistors are NPN transistors, said first and second
bipolar transistors have substantially the same charac-
teristic. said first and second resistors have substantially
the same resistance, and said predetermined potential

terminal is a ground-potential terminal.
* . * L X
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